Neutrinoless double beta decay searches play a major role in determining neutrino properties, in particular the Majorana or Dirac nature of the neutrino and the absolute scale of the neutrino mass. The consequences of these searches go beyond neutrino physics, with implications for Grand Unification and leptogenesis. The Majorana Collaboration is assembling a low-background array of high purity Germanium (HPGe) detectors to search for neutrinoless double-beta decay in 76 Ge. The Majorana Demonstrator, which is currently being constructed and commissioned at the Sanford Underground Research Facility in Lead, South Dakota, will contain 44 kg (30 kg enriched in 76 Ge) of HPGe detectors. Its primary goal is to demonstrate the scalability and background required for a tonne-scale Ge experiment. This is accomplished via a modular design and projected background of less than 3 cnts/tonne-yr in the region of interest. The experiment is currently taking data with the first of its enriched detectors.
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Introduction
In a number of even-even nuclei, β decay is energetically forbidden, but the secondorder weak process of 2ν double-β decay is allowed. In this rare decay, first proposed by Goeppert-Mayer in 1935 [1] , (A, Z) → (A, Z + 2) + 2e − + 2ν. If the neutrino is a Majorana particle, neutrinoless double-β decay could also occur via the exchange of a light Majorana neutrino, or by other mechanisms [2] . This decay, (A, Z) → (A, Z + 2) + 2β, violates lepton number and provides a model-independent test of the nature of the neutrino.
The rate of neutrinoless double-β (0νββ) decay via light Majorana neutrino exchange is given by
where G 0ν is a phase space factor, M 0ν is the nuclear matrix element, and m e is the electron mass. m ββ is the effective Majorana mass of the exchanged neutrino,
ei m i |, where U ei specifies the admixture of neutrino mass eigenstate i in the electron neutrino. Because m ββ depends on the oscillation parameters, both the overall neutrino mass and the mass hierarchy can contribute to the observed rate (see Fig. 1 ). Provided the nuclear matrix elements are understood, 0νββ decay experiments could establish an absolute scale for the neutrino mass. The experimental signature of such a decay would be a peak in energy at the endpoint of the two-neutrino mode spectrum with width defined by the experiment's energy resolution, as shown in Fig. 1 . Given the extremely low rates predicted (current limits indicate T 1/2 > 10 25 years) and irreducible background due to the 2ν mode, high source mass, high efficiency, excellent resolution and extremely low backgrounds in the signal region are key.
In the previous generation of experiments, the most sensitive limits on 0νββ decay came from the IGEX [4, 5] and Heidelberg-Moscow [6] experiments, both using 76 Ge. An observation of 0νββ decay was claimed by a subgroup of the Heidelberg-Moscow collaboration [7] . Recent searches carried out in 76 Ge (GERDA [8] ), in 136 Xe (EXO-200 [9] , KamLAND-ZEN [10] ), and in 130 Te (CUORE-0 [11] ) have set limits that do not support such a claim.
The Majorana Demonstrator
Overview
The Majorana Demonstrator (MJD) [12] is an array of enriched and natural germanium detectors that will search for the 0νββ decay of 76 Ge. Its main goal is to achieve backgrounds of 3 counts/tonne-year in the 4 keV region of interest (ROI) around the 2039 keV Q ββ of 76 Ge 0νββ decay after analysis cuts. This background level, which scales to 1 count/ROI-t-y in a tonne-scale experiment, is the most aggressive background goal of any current experiment. MJD's additional goals are to establish the feasibility of constructing and fielding modular arrays of germanium detectors and to conduct searches for other physics beyond the standard model, such as WIMP dark matter and axions. 76 Ge, contained in 35 detectors provided by ORTEC, and the remaining 15 kg is natural-abundance germanium, contained in 24 BEGe detectors from Canberra. The PPC geometry was chosen for two reasons: its small (∼1 pF) capacitance, which leads to good energy resolution (< 2.3 keV FWHM at 1333 keV) and low energy thresholds (O(a few keV)), and its localized weighting potential, which allows for multi-site event rejection.
MJD uses a modular design, making it naturally scalable to tonne-scale and allowing for staged deployment. Two ultra-clean electroformed copper cryostats each contain seven "strings" of three to five detectors each. The two cryostats have independent vacuum and cryogenic systems, and share a compact passive shield and 4π active muon veto system. See Fig. 2 . Implementation is divided into three stages: (1) The Prototype Cryostat, used for R&D, which was made from OFHC copper and contained ten natural Ge detectors, (2) Module 1, which contains 16.8 kg of enriched Ge (20 detectors) and 5.7 kg of natural Ge (9 detectors), and (3) Module 2, which contains 12.6 kg of enriched Ge (14 detectors) and 9.4 kg of natural Ge (15 detectors).
Background Reduction
MJD is being built and housed at the 4850' level (4260 m.w.e. overburden) of the Sanford Underground Research Facility (SURF) [13] in Lead, South Dakota, to reduce cosmogenic activation of materials and muon flux in the experiment. Construction is being done in a class 1000 cleanroom to limit contamination from natural radioactivity, with ultra-low background components (i.e. all parts internal to the cryostats) assembled in a class 10 nitrogen-purged glovebox, to reduce radon contamination. Most low-background parts are machined in an underground shop to control contamination and cosmogenic activation, and tracked extensively [14] . To reduce background contributions from natural radioactivity, the Majorana Collaboration has conducted an extensive assay campaign using gamma counting, NAA, ICP-MS, and GDMS. Most components of the experiment are made from ultra-clean copper that has been electroformed underground at SURF and Pacific Northwest National Laboratories. Current assays indicate that this copper has less than 0.1 µBq/kg of activity in each of the uranium and thorium decay chains. All other components are low-mass and use low-background materials. Based on assay values and upper limits, the background rate is projected to be < 3.5 counts/ROI-t-y. See Fig. 3 for details. The energy spectrum for a natural BEGe detector in the Prototype Cryostat shows that multi-site events are cut effectively, while retaining high efficiency for a nearby single-site peak. Right: In prototype cryostat calibration runs, pulse shape discrimination methods are tuned to retain 90% of known single-site events, found in the 208 Th double escape peak. They reject > 90% of known multi-site events, found in the 208 Th single escape peak. At Q ββ , the Compton continuum is reduced by 50%.
Powerful background-rejection analysis techniques further enable the Demonstrator's physics reach. The goal of such techniques is to reject multiple interaction site events due to gamma rays, since they are not plausible double-beta decay candidate events. Using pulse shape discrimination methods [15] , it is possible reject 90% of multi-site events while retaining 90% of single-site events and reducing the Compton continuum at Q ββ by approximately 50%, as seen in Fig. 4. 
Status of the Majorana Demonstrator
The Prototype Module, which included a commercial copper cryostat, was used for research and development of mechanical systems, fabrication and cleaning processes, and assembly procedures. It took data in the shield from July 2014 to June 2015, and has now been decommissioned. Module 1, which included the first of two ultra-clean cryostats, was moved into the shield at the end of May 2015. It is now in commissioning with 23 of 29 detectors operating, giving 14 kg of enriched mass and 3.7 kg of natural germanium. A calibration spectrum for one of the enriched detectors in Module 1 can be seen in Fig. 5 . The module is currently taking data without the inner electroformed copper shield in place. It will be removed from the shield and return to the glovebox once more, to allow for the installation of low-background gaskets and repair of the inoperable detectors. Blinded data-taking with Module 1 will begin shortly. Module 2, the final stage of the Demonstrator, is in construction; the first detector strings have been built, and the vacuum system is nearing completion. Module 2 is planned to be in commissioning by the end of 2015.
